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® Image processing apparatus and method. 

© An image processing apparatus of this invention 
has an ordinary displaying mode and a hue conver- 
se mode to change hues in correspondence with a 
user. In the ordinary displaying mode, input image 
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data is displayed on a display, and in the hue 
convers,on mode, an image for hue conversion is 
displayed on the display. The hues are converted in 
accordance with an instruction of the user. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an image pro- 5 
cessing apparatus and, more particularly, to an 
image processing apparatus for converting a video 
signal into a signal for a display panel. 

Related Background Art w 

As is conventionally known, the hues of CRT 
video output signals are determined in correspon- 
dence with the statistically determined luminous 
efficiency (the energy distribution amounts of R, G, 15 
and B sensed by the human eyes). 

In color digital video signal processing, a series 
of processing operations such as gamma conver- 
sion, color management, and the like, which take 
the characteristics of an input/output display device 20 
and matching to the color reproducibility of color 
peripheral apparatuses represented by a printer 
and scanner into account are performed in consid- 
eration of the statistically determined visual sense 
characteristics of normal persons. 25 

However, when the hues are determined in 
correspondence with the statistically determined lu- 
minous efficiency, it is inconvenient for, e.g., red- 
blind or color-blind persons, or a person who wants 
to intentionally change hues, resulting in a low 30 
degree of freedom. Since it is known that Europe- 
ans and Americans tend to be sensitive to red, and 
Japaneses tend to be sensitive to blue, it is often 
inconvenient to determine the hues in correspon- 
dence with the statistically determined luminous 35 
efficiency. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- aq 



vide an image processing apparatus which can 
change hues to solve the above-mentioned prob- 
lems. 

According to the present invention, there is 
provided an image processing apparatus with a 
display panel, comprising video signal generation 
means for generating a video signal, color sense 
conversion means for color-sense-converting the 
video signal generated by the video signal genera- 
tion means on the basis of predetermined color 
sense data, and signal conversion means for con- 
verting the video signal color-sense-converted by 
the color sense conversion means into a signal for 
the display panel. 

According to the present invention, there is 
also provided an image processing apparatus for 
converting an input image signal into an output 
image signal using a color conversion table, com- 



prising switching means for selecting one of first 
and second modes, and display control means for 
displaying an image input by input means on dis- 
play means when the first mode is selected, and 
displaying information for changing the color con- 
version table on the display means when the sec- 
ond mode is selected. 

With the above arrangement, a video signal is 
generated by the video signal generation means, 
the generated video signal is color-sense-converted 
by the color sense conversion means on the basis 
of color sense data. The converted video signal is 
converted into a signal for the display panel by the 
signal conversion means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the overall image 
processing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 2 is comprised of Fig. 2A and Fig. 2B 
showing flow charts of color table data genera- 
tion/registration processing in the first embodi- 
ment; 

Figs. 3A-1 to 3C-2 are views •-■ ing the cus- 
tom conversion processing of 3, and B in- 
put/output characteristics; 

Fig. 4 is a block diagram of the overall image 
processing apparatus according to the second 
embodiment of the present invention; 
Figs. 5A to 5C are views showing input and 
output color spaces in the second embodiment; 
Figs. 6A-1 to 6C-2 are views showing the cus- 
tom conversion processing of R, G, and B in- 
put/output characteristics; 

Fig. 7 is a block diagram of the overall image 
processing apparatus according to the third em- 
bodiment of the present invention; 
Fig. 8 is a block diagram showing the arrange- 
ment of a color sense processor; and 
Fig. 9 is a block diagram of the overall image 
processing apparatus according to the fourth 
embodiment of the present invention. 

45 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present in- 
vention will be described hereinafter with reference 
50 to the accompanying drawings. 

(First Embodiment) 

Fig. 1 is a block diagram showing the overall 
55 image processing apparatus according to the first 
embodiment of the present invention. 

Referring to Fig. 1, digital R, G, and B input 
data t are supplied from a video signal output 
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terminal of an information processing apparatus 
such as a work station, a personal computer, or the 
like. A selector 2 switches between custom table 
address data 8 supplied from a controller 7, and 
the digital R. G, and B input data 1. A color 
conversion table 3 comprises a rewritable RAM 
which stores color conversion table data 14 sup- 
plied from the controller 7, and looks up data 
(address) supplied from the selector 2 to output 
table data 4 based on the looked-up data. A dis- 
play controller 5 controls the display operation of a 
display 6 as an output display device on the basis 
of the table data 4 supplied from the color conver- 
sion table 3. A color conversion table generator 10 
changes setting data of table data on the basis of 
variable information of an RGB control dial 1 1 when 
a user of this apparatus wants to generate custom 
color conversion data. A custom information input 
device 13 comprises a keyboard used for inputting 
the personal ID information of a user of this appara- 
tus, a magnetic card, and the like. A custom table 
memory 9 is a storage device which stores custom 
table data generated by the color conversion table 
generator 10. and comprises, e.g., a hard disk 
device, a floppy disk device, and the like. A com- 
parator 12 compares the personal ID information 
input from the custom information input device 13 
with the registered contents of the custom table 
memory 9. 

The operation of the first embodiment will be 
described below. In ordinary image processing of 
this apparatus, the digital R, G, and B input data 1 
are selected by the selector 2, and are supplied to 
the color conversion table 3 as addresses. Based 
on the addresses, data, which are pre-stored in the 
color conversion table and correspond to the input 
addresses, are output as the table data 4. The 
table data 4 are converted into a transfer format 
compatible with the display by the display control- 
ler 5, and the converted data are transferred to the 
display 6 together with a driving control signal. This 
processing flow is the same as that of ordinary 
color conversion processing, and it is a common 
practice to rewrite and change the contents of the 
color conversion table upon execution of color con- 
version processing such as inverse gamma correc- 
tion in correspondence with the characteristics of 
the connected display. The flow of the above- 
mentioned ordinary processing takes only the vi- 
sual sense characteristics of average persons, the 
characteristics of the display, and the like. 

Processing for customizing color conversion in 
units of users as the characteristic feature of the 
present invention will be explained below. 

First, a user generates and registers color con- 
version table data customized for himself or her- 
self. The processing flow will be explained below 
with reference to the flow charts shown in Figs. 2A 



and 2B. 

Figs. 2A and 2B are flow charts showing color 
table data generation/registration processing. 

When the above-mentioned ordinary data dis- 
5 playing operation is performed (step S1), the color 
conversion table generator 10 checks if the user 
turns on a table control button of the RGB control 
dial 11 (step S2). If NO in step S2, the ordinary 
data displaying operation is performed. However, if 
io it is determined in step S2 that the user turns on 
the table control button, an R-table control image is 
displayed on the display 6 in step S3. At this time, 
the color conversion table generator 10 outputs a 
display request of an R-table control image to the 
75 controller 7. Upon reception of this request, the 
controller 7 switches the selector 2 to the custom 
table address data 8 side, and reads out an R- 
scale color bar image as the R-table control image 
from the custom table memory 9. The R-scale 
20 color bar image is displayed on the display 6 via 
the color conversion table 3 and the display con- 
troller 5. At this time, the table data stored in the 
color conversion table are tuned by the controller 7 
to have linear input/output characteristics which can 
25 serve as standard data for control, as shown in Fig. 
3A-1. It is checked in step S4 if a change request 
of an R-table is input, if NO in step S4. the flow 
jumps to step S6. Upon adjustment of the R-table, 
the user adjusts the RGB control dial 11 while 
30 observing the R-scale color bar image displayed on 
the display 6, thereby changing the characteristics 
of table data as the user desired. During this ad- 
justment, the contents of the color conversion table 
3 can be rewritten by the controller 7 as needed, 
35 and the user can perform operations while confirm- 
ing the adjustment result (effect) on the screen of 
the display 6. Fig. 3A-2 shows an example of the 
input/output characteristics of the R-table which are 
changed by the adjustment. The characteristics of 
40 a G-table are also changed from Fig. 3B-1 to Fig. 
3B-2 by the same processing (steps S7 and S8), 
and the characteristics of a B-table are changed 
from Fig. 3C-1 to Fig. 3C-2 by the same process- 
ing (steps S10 and S11). With the above-men- 
45 tioned processing, all the R, G, and B color conver- 
sion table data are customized. If it is determined 
in step S12 that the user turns on a custom reg- 
istration button of the RGB control dial 11, the R, 
G, and B custom table data adjusted in steps S5, 
50 S8, and S1 1 are stored in the custom table mem- 
ory 9 in step S13. At this time, the user simulta- 
neously inputs an index ID of the registered data 
from the custom information input device 13, thus 
completing registration of custom table data. Sub- 
55 sequently, when the user turns off the table control 
button of the RGB control dial 11 (step S14), the 
flow returns to step S1 to resume the ordinary data 
displaying mode. At this time, the data in the 
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conversion table 3 have already been changed to 
the latest data (the data adjusted in steps S5, S8, 
and S11). 

Processing for changing the contents of the 
color conversion table 3 when the user uses this 
apparatus will be described below. 

Referring to Fig. 1, the user inputs personal ID 
information from the custom information input de- 
vice 13, and transfers it to the comparator 12. The 
comparator 12 transfers a comparison request to 
the controller 7. Upon reception of this request, the 
controller 7 loads and scans all index IDs of al- 
ready registered data from the custom table mem- 
ory 9, and transfers them to the comparator 12. 
Upon reception of these data, the comparator 12 
performs comparison processing. If the comparator 
12 cannot find any coincidence, it informs non- 
coincidence to the user. If a coincidence is found, 
the comparator 12 outputs a download request to 
the controller 7 to download the R, G, and B 
custom table data corresponding to the index ID 
from the custom table memory 9 to the color 
conversion table 3. 

With the above-mentioned processing, color 
conversion processing customized in units of users 
can be realized. 

(Second Embodiment) 

Fig. 4 is a block diagram showing the overall 
image processing apparatus according to the sec- 
ond embodiment. The apparatus shown in Fig. 4 is 
substantially the same as that in Fig. 1, except that 
host profile information 20 and display profile in- 
formation 21 are input to the controller 7. 

Referring to Fig. 4, the host profile information 
includes color space information of R, G, and B 
input data which can be reproduced by the host 
side. The display profile information includes color 
space information of R, G, and B output data, 
which can be reproduced by the display side. 
These two pieces of information are transferred to 
the controller 7, and the controller 7 executes the 
following processing. 

(1) When Host Color Space = Display Color Space 

Fig. 5A shows a color space in this case. 

In this case, it is determined that the host color 
space is the same as the display color space, and 
the contents of the color conversion table are cus- 
tomized according to a user's request by the pro- 
cessing of the first embodiment while maintaining 
the host color space. 



(2) When Host Color Space < Display Color Space 

Fig. 5B shows a color space in this case. 
In this case, it is determined that the display 
5 color space is larger than the host color space (the 
color space reproducing performance of the dis- 
play color space is higher than that of the host 
color space), and the contents of the color conver- 
sion table are customized according to a user's 
io request by the processing of the first embodiment 
while maintaining the host color space. 

(3) When Host Color Space > Display Color Space 

75 Fig. 5C shows a color space in this case. 

In this case, it is determined that the display 
color space is smaller than the host color space 
(the color space reproducing performance of the 
display color space is lower than that of the host 

20 color space), and the following clipping processing 
is performed prior to the custom processing ac- 
cording to a user's request. More specifically, pro- 
cessing for assigning all color space portions, 
which cannot be reproduced by the display side, to 

25 the closest portions in the host color space (clip- 
ping processing) is performed. The controller 7 
performs the clipping processing, and writes new 
color conversion data generated after the clipping 
processing in the color conversion table 3. The 

30 input/output characteristics written in the color con- 
version table 3 are as shown in Figs. 6A-1, 6B-1, 
and 6C-1 . Upon adjustment of the RGB control dial 
from this state by the processing of the first em- 
bodiment, portions other than the clipped portions 

35 are adjusted, and color conversion processing 
which is optimally customized in consideration of 
the color reproduction performances of both the 
host and display sides is performed, as shown in 
Figs. 6A-2, 6B-2, and 6C-2. 

40 

(Third Embodiment) 

Fig. 7 is a block diagram showing the overall 
image processing apparatus according to the third 

45 embodiment of the present invention. 

Referring to Fig. 7, a host graphic card 71 as 
video signal generation means outputs graphic data 
generated by an information processing apparatus 
such as a work station, a personal computer, or the 

so like. An image converter 74 converts an analog 
video signal VIDEO and horizontal/vertical synchro- 
nization signals (Hsync/Vsync) supplied from the 
host graphic card 71 into signals for a display 
panel 75. 

55 An external input device 72 as color sense data 

input means is used for inputting, to the image 
converter 74, data stored in a storage medium 
comprising, e.g., a magnetic card, which stores 
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persona! color sense (spectral sensitivity) data gen- 
erated in advance, as described in the first embodi- 
ment. A switch 73 is used for selecting one of an 
ordinary processing mode and a processing mode 
based on personal color sense data. 

The image converter 74 comprises an AD con- 
verter 76, a selector 79, a color space converter 77 
as signal conversion means, a binarizer/buffer 78, a 
color sense processor 80 as color sense conver- 
sion means, and an external input device interface 
(l/F) 81 . 

The AD converter 76 includes an A/D con- 
verter, and other circuits, and performs horizon- 
tal/vertical timing detection, data extraction, and the 
like from the analog video signal VIDEO and the 
horizontal/vertical synchronization signals 
(HsyncA/sync) supplied from the host graphic card 
71 using synchronization separation and PLL 
(phase-locked loop), thereby converting input data 
into an image data format required in the subse- 
quent processing. 

The selector 79 connects the output from the 
AD converter 76 to the color space converter 77 
when the processing mode based on color sense 
data is selected by the switch 73, and connects the 
output from the AD converter 76 to the color sense 
processor 80 when the ordinary processing mode 
is selected by the switch 73. 

The color sense processor 80 color-sense-con- 
verts a video signal from the selector 79 on the 
basis of color sense data input from the external 
input device 82 via the external input device inter- 
face 81 . 

The color space converter 77 performs clipping 
processing of a video signal from the selector 79 or 
the color sense processor 80 to a color space 
optimal to the display panel 75. 

The binarizer/buffer 78 performs format conver- 
sion and buffering of data with respect to the 
display panel 75. 

Fig. 8 is a block diagram showing the arrange- 
ment of the color sense processor 80 shown in Fig. 
7. 

Referring to Fig. 8, a spectral sensitivity stan- 
dardizer 84 converts the spectral sensitivity of data 
into that of average persons to obtain standardized 
spectral sensitivity data as pre-processing of con- 
version since the spectral sensitivity of actually 
input data may be calibrated in correspondence 
with a race or personal difference. 

A controller 85 processes personal spectral 
sensitivity data read out from the external input 
device 72 to convert it into control data for spectral 
sensitivity conversion processing. 

A spectral sensitivity conversion processor 86 
comprises a look-up table memory (LUT ROM) 88 
and a decoder 87. In this processor 86, a control 
signal from the controller 85 is decoded by the 



decoder 87, and the LUT ROM 88 is controlled by 
the output from the decoder 87, thereby generating 
personal spectral sensitivity data. 

The operation of the image processing appara- 
5 tus of the third embodiment will be described be- 
low. 

The analog video signal VIDEO and the hori- 
zontal/vertical synchronization signals 
(HsyncA/sync) supplied from the host graphic card 

70 71 are input to the image converter 74, and are 
subjected to horizontal/vertical timing detection, 
data extraction, and the like using synchronization 
separation and PLL in the AD converter 76. When 
the switch 73 selects the processing mode based 

15 on color sense data, the output from the AD con- 
verter 76 is connected to the color space converter 
77 by the selector 79; when the ordinary process- 
ing mode is selected, the output from the AD 
converter 76 is connected to the color sense pro- 

20 cessor 80. 

In the ordinary processing mode, the color 
space converter 77 performs clipping processing to 
a color space optimal to the display panel 75, the 
binarizer/buffer 78 performs format conversion and 

25 buffering of data with respect to the display panel 
75, and the display panel 75 is driven based on the 
buffered data. 

On the other hand, in the processing mode 
based or color sense data, the color sense proces- 

30 sor 80 color-sense-converts the video signal on the 
basis of personal color sense data stored in the 
storage medium of the external input device 72. 
The color space converter 77 performs clipping 
processing of the converted video signal to a color 

35 space optimal to the display panel 75, the 
binarizer/buffer 78 performs format conversion of 
data with respect to the display panel 75, and the 
display panel 75 is driven based on buffered data. 

40 (Fourth Embodiment) 

Fig. 9 is a block diagram showing the overall 
image processing apparatus according to the fourth 
embodiment of the present invention. The same 
45 reference numerals in Fig. 9 denote the same parts 
as in Fig. 7. 

An image converter 94 comprises an AD con- 
verter 76, a selector 79, a color space converter 
77, a binarizer/buffer 78, a color sense processor 

50 80, an external input device interface 81, a per- 
sonal code comparator 91 as searching means, 
and an internal memory 92 as storage means. The 
image converter 94 is electrically connected to a 
host graphic card 71 , a display panel 75, an exter- 

55 nal input device 72, and a switch 73 as in the 
image converter 74 shown in Fig. 7. 

^An external input device 90 as identification 
data input means comprises, e.g., a ten-key pad, 
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and is used for inputting a user code to the per- 
sonal code comparator 91. 

This embodiment is different from the third 
embodiment in the following points. More specifi- 
cally, in this embodiment, when a user who initially 
uses the system inputs personal spectral sensitivity 
data from the external input device 72 and inputs a 
user code from the external input device 90, the 
personal code comparator 91 stores the personal 
spectral sensitivity data in the interna! memory 92 
in correspondence with the user code. 

Also, in this embodiment, when a user inputs 
only a user code from the external input device 90, 
the personal code comparator 91 searches the 
internal memory 92. When the comparator 91 finds 
the input user code, personal spectral sensitivity 
data corresponding to the input user code is read 
out, and the readout personal spectral sensitivity 
data is input to the color sense processor 80 via 
the external input device interface 81. 

As described above, according to this embodi- 
ment, a system user need not perform calibration 
using personal color sense data each time he or 
she uses the system, and the operability of the 
user environment can be improved for a plurality of 
users who share a single system. 

Since the means for inputting a user code and 
the means for searching the contents of a registra- 
tion database are arranged, the color sense data of 
a user himself or herself are not exposed to a third 
party, thus improving the confidentiality of personal 
information. 

Even for users having color senses different 
from the statistically determined color sense data, 
an output image optimized for each user can be 
obtained. 

Since data input/output color spaces are looked 
up, and matching processing is attained by optimal 
clipping processing based the looked-up color 
spaces as pre-processing of custom data calibra- 
tion, a system user can perform customized color 
conversion of the connected environment of a color 
system with optimal color reproducibility. 

An image processing apparatus of this inven- 
tion has an ordinary displaying mode and a hue 
conversion mode to change hues in correspon- 
dence with a user. In the ordinary displaying mode, 
input image data is displayed on a display, and in 
the hue conversion mode, an image for hue con- 
version is displayed on the display. The hues are 
converted in accordance with an instruction of the 
user. 

Claims 

1. An image processing apparatus with a display 
panel, comprising: 

video signal generation means for generat- 



ing a video signal; 

color sense conversion means for color- 
sense-converting the video signal generated 
by said video signal generation means on the 
5 basis of predetermined color sense data; and 

signal conversion means for converting the 
video signal color-sense-converted by said col- 
or sense conversion means into a signal for 
the display panel. 

w 

2. An apparatus according to claim 1, further 
comprising color sense data input means for 
inputting the predetermined color sense data. 

75 3. An apparatus according to claim 1, further 
comprising: 

storage means for storing the predeter- 
mined color sense data in correspondence with 
identification data; 

20 identification data input means for inputting 

identification data; and 

searching means for searching said stor- 
age means to find color sense data corre- 
sponding to the identification data input by 

25 said identification input means. 

4. An image processing apparatus for converting 
an input image signal into an output image 
signal using a color conversion table, compris- 
30 ing: 

switching means for selecting one of first 
and second modes; and 

display control means for displaying an 
image input by input means on display means 
35 when the first mode is selected, and displaying 

information for changing the color conversion 
table on the display means when the second 
mode is selected. 

40 5. An image processing method of converting an 
input image signal into an output image signal 
using a color conversion table, comprising the 
steps of: 

selecting one of first and second modes 
45 on the basis of an instruction from input 

means; 

displaying an image input by image input 
means on display means when the first mode 
is selected, and displaying information for 
so changing the color conversion table on the 

display means when the second mode is se- 
lected; and 

displaying an image input by the image 
input means using the changed color conver- 
55 sion table. 
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FIG. 3A-1 FIG. 3B-1 FIG. 3C-1 
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